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THE study of the band spectrum of carbon, as given by the electric 
arc in air between carbon terminals, has been productive of some 
important additions to our knowledge of banded spectra. <A high 
dispersion shows each band of the carbon spectrum to be made up 
of several “heads,” from each of which a series of fine lines proceeds 
toward the region of shorter wave-length. 

Kayser and Runge? measured the fine lines of several bands as 
far as the resolution of their grating would allow, and noted some 
regularities in the positions of the lines. The band with its first 
head at A 3884 seemed to them most interesting in its structure. This 
is one of the cyanogen bands, so called from their apparent dependence 
on the presence of nitrogen in the atmosphere, allowing a combination 
of this element with the carbon. 

In the band beginning at A 3884 we can see (Plate XV) that a series 
of lines starts from the first head, the separation of successive lines 
increasing as they recede from the head. A second head appears at 
X 3872, and the superposition of its series on that of the first head gives 
a denser structure, but one can still select the strong lines of the first 
series which are contrasted with the weaker ones of the second. At 

t Translated from the author’s Inaugural Dissertation, Universitat zu Bonn. 

2 “ Ueber die im galvanischen Lichtbogen auftretenden Bandenspectra der Kohle,”’ 


Abhandl. d. Akad. d. Wissenschajten zu Berlin, 1889. 
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AA 3862, 3855, 3852 other heads occur, each adding its series of lines 
to those of the preceding heads, so that below A 3852 the structure is 
very complicated, and it would be difficult to follow the several series 
if the lines of each did not retain a definite relative intensity, those 
belonging to the first head being strongest, and the intensity diminish- 
ing with each successive series. Further aid is derived from frequent 
coincidences of lines belonging to different series. When several lines 
coincide in this way to form one strong line, we see close to this a weak 
line, a little further a stronger one, then a still stronger and perhaps 
a fourth line stronger than any of the others (see Plate XV, at AA 3837, 
3801, 3768, 3705). 

Kayser and Runge' were able to separate the lines of the first three 
series and follow them some distance from the head of each, studying 
the arrangement in each series. In this way they tested the law 
deduced by Deslandres? for the structure of band spectra, which 
states that the vibration-numbers of successive lines in a series form 
an arithmetical progression, and showed that it holds only for the 
beginning of each series in this band, and that beyond a certain 
point the successive lines lie much closer together than allowed by 
Deslandres’s law. 

A conception of the structure of bands quite different from that 
of Deslandres was arrived at by Thiele’ after a close study of a num- 
ber of spectra. Thiele advanced the hypothesis that the wave- 
lengths of the lines of a series are to be represented by the equation 

A =f [(n+c)?], 


where ” passes through all values of whole numbers and ¢ is a con- 
stant called the ‘‘phase” of the series. According to this equation, 
X must have a maximum and a minimum value, corresponding to 
A, =/(0) and A» =}/(«). The physical significance of this is that each 
series has not only a head at A,, where there are a finite number of 
lines, and from which the series proceeds with increasing intervals 
between successive lines; but also a definite ending at Ax, in approach 

' Loc. cit., § 9. 

“Loi de répartition des raies et des bandes, commune a plusieurs spectres de 


bandes,” Comptes Rendus, 104, 972-976, 1887; “Loi générale de répartition des raies 
dans les spectres de bandes,” tbid., 103, 375-379, 1886. 


3**On the Law of Spectral Series,’”’ ASTROPHYSICAL JOURNAL, 6, 65-76, 1897; 
‘Resolution into Series of the Third Band of the Carbon Band-Spectrum,” 7bid., 8, 


1-27, 1808. 
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ing which the intervals between lines become steadily smaller, and 
at which an infinite number of lines lie crowded together. This 
place was named by Thiele the “tail” of the series, and in the carbon 
spectrum should show a shading toward the red. Thus while accord- 
ing to Deslandres, the arithmetical progression required constantly 
increasing intervals between successive lines of a series, the theory 
of Thiele says that these intervals reach a maximum at a certain 
distance from the head and then decrease toward the “tail.’’ 

A few years ago some work by King’ lent probability to Thiele’s 
hypothesis. King found that with long exposure photographs of 
the carbon spectrum showed a number of clearly defined heads 
which shaded toward the red, therefore in the opposite direction to 
the heads hitherto known. These appearances in the spectrum 
he considered to be the tails predicted by Thiele, and found simple 
numerical relations between their wave-lengths and those of the heads. 

Professor Kayser? had attempted to verify Thiele’s theory by means 
of the existing measurements for the carbon lines, but the measure- 
ments proved not sufficiently complete, though they showed that 
the interval between lines probably decreased after a certain point 
in a series, as had been already noted by Kayser and Runge. It 
appeared that in order to show clearly whether the assumption of 
King is correct, and with it Thiele’s hypothesis, it would be necessary 
to use a higher dispersion than that of Kayser and Runge and so to 
obtain more accurate measurements of the lines in the cyanogen band 
A 3884, and with them investigate the regularities in each series. At the 
suggestion of Professor Kayser, I undertook the work along this line. 

The photographs were made with the aid of a Rowland concave 
grating of 6.6 meters radius and 630 lines to the millimeter. The 
grating was mounted according to the plan of Abney,‘ the arrange- 
ment being described in detail by Konen.’ In this arrangement 
the grating and plate-holder are stationary, while the carriage con- 
taining the slit may be moved around a half-circle. The advantage 

‘ “Some New Peculiarities in the Structure of Cyanogen Bands,” ASTROPHYSICAL 
JOURNAL, 14, 323-330, 1901; translated in Annalen der Physik, (4) '7, 791-800, 1902. 

2 Handbuch der Spectroscopie, 2, chap. viii, § 394, 1902. 3 Loc. cit., § 4. 

+ Philosophical Transactions, 1'7'7, II, 457-469, 1886; see H. Kayser, Handbuch 
der Spectroscopie. I, § 450, 1900. 

5 “ Ueber die Krupp’sche Gitteraufstellung im physikalischen Institut der Univer- 
sitat Bonn,” Zeitschrift fiir wissenchaftliche Photographie, 1, 1903. 








240 FRANZ JUNGBLUTH 


of such a mounting is that it allows the photographing of higher 
orders of spectra. As source of light the violet center of the arc was 
used, between carbons as pure as could be obtained. In order to 
get sharp definition for the different parts of the cyanogen band, 
very different lengths of exposure were required. While the heads 
appeared distinctly with an exposure of 5 to 10 minutes, the ‘‘tails”’ 
and adjacent portions required two hours. Plate XV is taken from 
a two hours’ exposure, the heads being thus overexposed. It was found 
by trial that the third-order spectrum gave sufficient dispersion to 
permit measurements of the desired accuracy. The plates were 
measured on a dividing engine constructed according to designs 
of Professor Kayser. As normals the standard iron lines of Kayser? 
were used. The possible error of measurement for clearly defined 
lines amounted to 0.003 Angstrém unit. 

The use of high dispersion, though primarily to allow more accu 
rate measurements, resulted in the observation of several peculiarities 
in the structure of the band which had not been previously noticed. 
In the part of the band between the first and second heads three series 
may be observed, which go out from the first head: first a very weak 
series, only a few of whose lines are faintly visible; then a series of 
strong double lines close together; and finally a series of single lines, 
likewise strong. The arrangement suggests that to this last series 
belongs the well-defined head at A 3883.56, while the double-line series 
begins before this point, at about A 3883.63, a phenomenon which 
has been noted in other groups of bands. The intensity gradations 
in these two series are noteworthy. The double-line series is at first 
the strongest, but rapidly falls off in intensity and at A 3838 is scarcely 
visible, while the series of single lines which is at first the weaker one 
and even in one place invisible (at » 3875), rapidly develops and forms 
the principal series of the band, which Kayser and Runge were able 
to follow to 3640. This structure, also, has been noted in other 
band spectra.4 Behind the second head, while the dense structure 
renders observations uncertain, there appear again to be two series 
leaving the head, but this time both of double lines. Near the other 

t Handbuch der Spectroscopie, 1, chap. v, § 567. 


2“ Normale aus dem Eisenspectrum,”’ Annalen der Physik, (4) 3; ASTROPHYSICAI 


JOURNAL, 13, 329, IQOI. 
3H. Kayser, Handbuch d. Spect., 2, 484. t Loc. cit. 
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heads the confusion of lines is too great to permit the separation of 
series. 

Following the series farther, another peculiarity appears, which, 
strange to say, has not been heretofore observed, though it comes out 
distinctly in the first-order spectrum. The lines become gradually 
broader as they recede from the head, and each finally separates 
into two lines when it has reached a breadth of about 0.07 t.-m. 
We have now double lines similar to those above and below the second 
head. As the series proceeds, the interval between components 
of the double lines increases to 0.09-0.1 t.-m., and then decreases 
until the components unite again to form one line. The lines of all the 
observed series show this behavior, so that in certain parts of the band 
structure, as for example, above and below A 3700 (see Plate XV), 
we have only double lines. (It may here be remarked that the 
single sharp lines in the photograph are due to iron as an impurity 
of the carbons.) This phenomenon may be described by saying 
that the band consists of double lines, the components of which are 
sometimes superposed and sometimes separated. It is a noteworthy 
property and must be considered in forming any valid theory con 
cerning the origin of spectra. The lines of the fourth cyanogen 
band at A 3590 show the same peculiarity. 

The double-line structure shows, however, an irregularity of such 
frequent occurrence that it may almost be considered a regularity. 
In some places where a double line should appear, this is wanting, 
but in its stead a stronger single line occurs, very near to the position 
that the missing double line should occupy. Such an interruption 
of the double lines appears in the interval between the first and second 
heads, at about A 3873; and the phenomenon is met with a number of 
times in following the other series—these places being easily selected 
in the tabulation of series—appearing so distinctly as to exclude an 
error of observation caused by the superposition of several lines. 

As material for the study of the structure, I have succeeded in 
separating four series of regularly placed lines by means of the intensity 
differences and the frequent coincidences of lines belonging to differ- 
ent series (see pp. 237 and 238). It was possible to follow only the 
strongest series direct to its head. This is the last of the three series 
mentioned as proceeding from the first head. The other series could 
not be followed with certainty quite to their heads, but it can neverthe- 
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less be definitely stated that the three other series belong in order of 
intensity to the second, third, and fourth heads. In some places 
what seemed to be a fifth series could be detected, but on account of 
the small intervals between its lines and the very frequent coinci- 
dences with stronger lines of other series, it could not be accurately 
followed. The same difficulty prevented the following of the weak 
fourth series over a part of its extent. 

My object being to test the validity of Thiele’s hypothesis, the 
task next undertaken was to follow the strongest series, which prom- 
ised to remain longest visible, as far as possible, perhaps even to one 
of the “‘tails” observed by King. It was found impossible, however, 
to trace the lines of this series beyond A 3640, which was the limit 
reached by Kayser and Runge, and for two reasons: first, because 
the lines of different series cease at this point to retain the difference 
in intensity which is so noticeable earlier in their course; and, second, 
because of the extremely dense structure in this region (about 10 
lines to the tenth-meter). For the same reasons, the second series 
could not be followed beyond the point mentioned, while the third 
and fourth series became indistinguishable at about A 3680. 


My measurements follow: 
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Series I Series II | Series III | Series IV Series I Series II Series III | Series I\ 
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Series I Series II Series III Series IV Series | Series IT Series 
| 
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*The sign signifies that between them a dense group of lines form 
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Series I Series II | Series III | Series IV Series I Series I Series III Series IV 
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As another means of tracing the series a graphic 


representation 


was tried, and this not only gave a better view of the course of each 


series, but allowed a comparison of the several series among them- 


selves. As abscissz I have used the distance of the lines from A 3884, 


the beginning of the group of bands, and as ordinates a multiple 


of the interval between successive lines of a series, both expressed 
in wave-lengths. 
of the components was taken. 


In the case of double lines the mean wave-length 
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full lines of the curves below were obtained. ‘The dotted portions 
of the curves are hypothetical. 

The first parts of the curves show nothing new. It is interesting, 
however, to note that a short distance below the heads the curves 
run parallel to each other at almost equal distances apart. Of far 
greater interest, however, is the fact that farther along we see in each 
series that the distance between successive lines increases up to a 
definite point, remains a short time constant, and then decreases—a 
peculiarity which Kayser and Runge thought they observed in the 
first series. We therejore have here a confirmation of a part of Thiele’s 

















hypothesis. 1 may here mention another remarkable regularity: that 
the maximum intervals jor the several series jorm an arithmetical 
progression. ‘The approximate values of these intervals are as follows: 


Maximum 


Series Difference 


Interval 

Rtas ; 2.25 
. eee 2.00 0.25 
_. ae r.9s 0.25 
oe sau ; 1.50 25 


The curves also demonstrate an essentially new property, in that 
they show that the strongest series, that from the first head, possesses 
the grealest maximum interval between lines and begins /atest to 
decrease this interval; while the weakest series, proceeding from 
the fourth head, has the smallest maximum interval and begins to 
show decreasing intervals earlier than any other series. This fact 


points with tolerable certainty to the conclusion that the first series, 
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the strongest, extends the farthest, and that the last, the weakest, 
has the shortest course; in other words, that if the series end in 
tails at all, then the tail of the first series must lie farthest from, and 
that of the fourth series nearest to, their respective heads. It would 
at least be in contradiction of all our views of related physical con 
ditions if the relation were otherwise; the more so as the difference 
in intensity as well as the unequal maximum intervals between lines 
of the different series give a measure of the energy possessed by the 
particle producing each. 

This conclusion finds a supplementary confirmation in another 
phenomenon, previously unnoticed. If we look at the tails, which 
like the heads lie together in groups, we see that in such a group the 
tail of shortest wave-length is the strongest, while the other tails 
decrease in strength toward the red—the reverse of the behavior of 
the heads. This is to be seen distinctly in the three tails at AA 3658, 
3629, 3603 in Plate XV. The evidence is therefore strong that if a 
group of heads is connected with a group of tails, then the jirst head 
and the last tail belong to the same series, also the second head and the 
tail next to the last, etc. 

The recognition of this relation places the connections between 
heads and tails found by King in a new light. King (/oc. cit.) divided 
the wave-length of the first head of a group by that of the first member 
of a group of tails, the second head by the second tail, and found simple 
numerical relations between these quotients for the several cyanogen 
bands. Since these connections, as has been shown, have nothing 
to do with the actual structure of a band, they indicate the more 
clearly that the different groups of heads and tails belong togéther 
as a whole. We therefore have here a new confirmation of King’s 
view and also oj the second part oj Thiele’s hy pothesis. 

The question now arises: To which group of tails do the series 
of the third cyanogen band run—to the group beginning at A 3658, or 
to that with the first tail at X 3466? King inclined to the latter view, 
but this does not seem to me to be correct. If the strongest series has a 
symmetrical course, 7. é., if its curve descends as rapidly as it ascends, 
the first tail of this series would fall at 4 3466.' But then the tails 
for the other three series would be lacking, as these should lie above 


'H. Kayser. Handbuch der Spectroscopie, 2, 486, 1902. 
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the first tail. It seems to me more probable that the series end in 
the group of tails AA 3658, 3629, 3603. We must, indeed, then assume 
that the intervals between successive lines decrease much faster than 
they increase. It appears as if this were in fact the case, but as it 
was in no case possible to follow a series for more than a few lines 
beyond its position of maximum interval, no positive statement can 
be made. 

Assuming that the groups of heads and tails are so related, we have 
yet the question: How are the separate heads and tails to be com- 
bined? The simplest assumption would be that the first series runs 
to the tail at A 3603, the second to A 3629, and the third to A 3658; then 
we must further assume that the tail of the fourth series is too weak 
for observation. I wish, however, to call attention to another possible 
combination which leads to quite peculiar relations. 

As the intensity of the members of a group of tails increases toward 
the ultra-violet, it seemed worth while to see if another, stronger tail 
could be found below the tail at A 3603. If this looked-for tail has a 
regular position in the group, it should lie at about A 3579; but it is 
obviously difficult to decide whether a tail is present at this place, 
which is just below the strong first head of the cyanogen band at 
% 3590. However, we are inclined to make this assumption, particu- 
larly as it may at the same time account for the hitherto unexplained 
intensity-minimum below 43590. Then we must assume that the 
principal series runs to this tail, while the second goes to A 3603, the 
third to A 3629, and the fourth to A 3658; and here I wish to point out 
some simple relations which exist between the heads and tails when 
so combined. If we subtract the wave-length of each tail from that 
of its head, we obtain :" 


Series Length of the Series Difference 
Bide idx idrasee ai 3884 — 3579 = 305 
| rr rer 3872 — 3603 = 269 36 
| err 3862 — 3629 = 233 36 
Serre 3855 — 3658 =197 36 


It seems, then, that the lengths of the successive series form an 
arithmetical progression. 


'In this and the following table approximate wave-lengths are used, since the 
wave-lengths of the tails at \ 3579 and A 3603 could not be accurately determined. 
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Further, if we divide each head by its tail, we get the following: 


Series Quotients Difference 
288 
30° ) 
Doth arate web : 1.0852 » 
3579 ©.O0105 
285 
3872 
II 1.0747 
600 - - 
3 3 re) 
2862 
3362 
III 1.0642 
2020 O 102 
ee 
, I~ ae 
I\ Saeceeveners Oo I 539 
2055 


We see, therefore, that also these quotients form approximately 
an arithmetical progression. 

It remains of course doubtful whether in this assignment of heads 
and tails the real structure of the band has been found. At any rate, 
these relations demonstrate anew the correctness of King’s view of 
the band structure. It would be a profitable task to determine by 
the aid of my measurements and the formula given by Thiele which 
combination of heads and tails is the correct one. 

The chief results of the foregoing work may be summarizedas follows: 

1. The third cyanogen band consists of double lines whose compo 
nents lie close together and sometimes superposed. 

2. The maximum intervals between successive lines in the jour 
strongest series form an arithmetical progression. 

3. The view oj King, that the inverted heads found by him are 
to be regarded as tails of bands connected with the known heads, 
possesses a high degree of probability. 

4. The connection oj groups of heads and tails is such that the first 
head and the last tail belong to the same series, the second head and the 
tail next to the last, etc. 

5. The hypothesis of Thiele, according to which the intervals 
between successive lines of a series increase only to a certain point, 
and then decrease until the series ends in a tail, appears to be correct. 

I take pleasure here in acknowledging my obligation to Professor 
Kayser, who suggested this work and has followed its progress with 
constant interest. I wish also to thank Dr. Konen and Dr. Hagen- 
bach for the counsel and assistance which they have given me in the 
experimental part of the work. 

PHYSICAL INSTITUTE, UNIVERSITY OF BONN, 

May 1904. 














THE SPECTRA OF SUN-SPOTS IN THE RED AND YELLOW 
REGIONS OF THE SPECTRUM. 


By A. 1. Conrrie, 5. f. 


THE present paper contains a reduction of all the observations of 
the Sun-spot spectra in the red and yellow regions of the spectrum, 
taken at Stonyhurst during the years 1883-1901. ‘The spectroscope 
used was an automatic twelve-prism instrument by Browning, each 
prism having a refracting angle of 60°. The instrument was in the 
earlier observations attached to the eight-inch equatorial, and since 
the year 1894 to the fifteen-inch Perry memorial equatorial. The 
method of observation is first to pass the spectrum between B and D 
in review so as to pick out the most widened lines, and then to make 
a detailed study of some particular portion of this region. The 
observations are very tedious, and to secure a careful scrutiny of 
each line in the whole region would occupy between three and four 
hours. The slit is placed parallel to the diurnal motion, so that the 
spot remains on the slit even when there are slight irregularities in 
the driving of the clock. 

A full discussion of the observations of the spectra of ninety spots 
made according to this plan in the years 1883-89 was published in 
Volume 50 of the Memoirs oj the R. A. S., and the reader is referred 
to that paper for the sections dealing with the behavior of the metallic 
lines in the spectra of Sun-spots, the lines of unknown origin in the 
spectra of Sun-spots, the C and D, lines in the spectra of Sun-spots, as 
well as various observations on the spectra of Sun-spots, though it 
must be noticed that most of the faint lines widened in the spectra of 
Sun-spots, then of unknown origin, have since been identified as due 
to vanadium and titanium. But Section 1 of that paper, which con- 
tained the list of lines between B and D widened in Sun-spots, was 
based upon the Angstrém wave-length numbers, as revised and 
corrected in the British Association Catalogue of the Oscillation 
Frequencies of Solar Rays (1878), supplemented by wave-lengths 
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taken from the maps of Fievez and Piazzi Smythe. Many of the 
lines then unidentified have since been identified, and the whole 
catalogue has been reduced to Rowland’s wave-lengths contained in 
his Preliminary Table of Solar Spectrum Wave-Lengths (1898), much 
help having been derived in the reduction from Mr. Higgs’s beautiful 
maps of the solar spectrum. The wave-lengths differ by about one 
unit from Angstrém’s as corrected. 

Since the publication of the Memoir the observations have been 
somewhat intermittent, so that only twenty-four additional spots 
have been observed in the period 1890-1901, the results obtained 
having appeared in a series of papers in the Monthly Notices, R. A. S., 
and a catalogue having been published in Volume 63, 469, 1903. 
All the former lists have now been combined in the present catalogue 
of 349 lines between wave-lengths 5884.03 and 6867.46 in which 
Rowland’s numbers have been used. The total number of individual 
observations it contains is 5486, the greatest number of spots in which 
any single line has been observed being 99, and the least 1. One 
chief object of the reduction is to enable other observers to supple 
ment the observations in parts of the region where comparatively 
few spots have been observed. Some of the earlier observations 
were taken in conjunction with the late Father Perry, otherwise all 
the observations have been taken by the same observer with the 
same instrument. In the following list of lines the first, second, and 
fifth columns are taken from Rowland’s table; the third contains the 
number of spots in which the several lines were observed, each sepa- 
rate daily observation even of the same spot being counted; and the 
fourth, the mean relative widening of each line. The manner in 
which the numbers in this column have been derived is as follows: In 
each observation of a widened line the amount of widening is esti 
mated approximately in terms of the tenth of the normal width of 
the line, and the mean derived from these separate observations 
has been multiplied by 10. A final column contains remarks upon 


the lines. 








SPECTRA OF SUN-SPOTS 


NO 
wn 
wn 


TABLE I. 
Lines between D and B widened in the Spectra of Sun-spots 
Number Relative 


Wave-Length Origin of Mean 
rap sity 
Spots Wid’ng 


Remarks 


=] 


5857.67 Ca I 3.0 8 | Observations made in 1884. 
59.81 Fe 3 5.0 5 | Observations made in 1884. 
62.58 Fe 10 3.0 6 | Observations made in 1884. 
66.68 Ti 11 3.0 . | Observations made in 1884. 
84.03 Fe I 2.0 4 | Observations made in 1884. 
* 90.19 D,, Na 99 4.0 30 | For discussion on behavior of D 
lines in spots, see Memoirs R. A. 
S., 50, 47, and Monthly Notices, 
63, 478, 1903. 
QI.72 i tieah 18 $.0 o | Once obliterated over spot. 
91.88 2 4 
93.10 Ni 3 3.0 4 | Darkened twice; less dark once. 
* 96.16 Pe. Na 90 4.0 20 
900.52 Ti Oo 4.0 I 
5900.14 A (wv) n 2 
00.26 A (wv) , } 
05.90 Fe 10 32.0 4 
10.99 A (wv) 3 6.0 2 
* 14. 34 Fe 13 2.0 4 | Darkened. 
rs .6s5 A (wv) 9 6.0 1 | Darkened; once much widened in 
| penumbra. 
18.64 A (wv) 4 
1.28}; A (wv) II 6.0 5 
19.86} | A (wv) 7 
22.74 A (wv) 0 6.0 2 
24.04 A (wv) ‘i 1.0 2 
25.22 A (wv) 2 
28.01 Fe IS 1.0 2 
30.41 | Fe 16 3.0 6 
32.2 A (wv) 13 2.0 5 
32.99 A (wv) 13 3.0 2 
34.838 Fe 16 3.9 5 
36.04 A (wv) 9 4.0 ° 
38.27 A (wv) 16 7.0 o | High Sun line; very much darkened. 
41.29 A (wv) 13 3.0 5 
41.85 A (wv) 14 4.0 2 
42.79 A (wv) 14 3.0 3 < 
44.95 A (wv) 14 4.0 1 | Darkened. 
45.87 A (wv) 14 3.0 1 | Darkened. 
46.22 A (wv) IS 2.0 3 | Darkened 
48.77 Si | 16 3.0 6 
19.57 Fe 16 2.0 1 | Darkened. 
Sz. 93 A (wv) 2 7.0 ° 
52.94 Fe 20 3.0 } 
53.39 Ti 2 4.0 I 
56.92 | Fe 16 3-0 } 
58.10 A (wv) . ; I 
58.46 A (wv) ~ — I 


* Lines marked with an asterisk are lines observed in the chromosphere by PRo- 
FESSOR YOUNG (SCHEINER’S Astronomical Spectroscopy, Frost’s edition, p. 423). 
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Continued. 


Remark 


Much darkened 


Widened often far Into penumbra 
Faint spot line 


Darkened; once unatlected 

Darkened. 

Darkened 

\lwavs much widened 

Darkened: unaffected once 

Difficult to separate 
Alwavs much widened: darkened 


Darkened 


Darkened 


seen once 
Much widened alwa 
Darkened 


I Jarkene d 
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TABLE I—Continued. 


Remarks 


Darkened. 


Obliterated once 
Obliterated once. 


Obliterated once. 

Three lines difficult to separate in 
spots; the greater part of the 
widening due to the Ca line; dis 
plac ed once 


] Jisplac ed once; reversed once. 


Darkened; displaced to red. 
Less intense once. 


Very black once. 
Unaffected once; displaced to violet 


Unaffected once; displaced to violet 


Unaffected six times; displaced to 
violet. 

Obliterated once. 

Obliterated once. 


Unaffected once. 


Widening probably due to the neat 
V line. 
Band at this position once. 


Very faint double. 


Darkened once. 

Displac ed to violet once 
Less dark over spot once 
Obliterated in spot once. 


Frequently surrounded in spots by 
a hazv fringe. 

Darkened; unaffected once. Dis- 
plac ed to violet once. 
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—Continued. 


Obliterated once in spot 

Unaffected once; less dark ove1 spot 
once. 

Darkened; widened far into penun 
bra. 

Darkened 

Darkened 

Darkened 

Darkened. 

Darkened; unaffected once 

Darkened; unaffected once. 

Darkened 


Unaffected once 


A faint doubl 


Darkened; unaffected three time 


Unaffected once 
Very dark in spots twice 


Darkened. 


Faint double 


Darkened; displaced to red twice 
Attributed to V in Young’s list of 
chromospheric lines Darkened 


Obliterated over spot once 

Obliterated over spot twice 

In the arc spectrum of Fe; displaced 
to violet once 

Displaced to violet once 


Unaffected three time obliterated 
once 
Unaffected three times; obliterated 
once. 


Thalén: spark vanadium line 40.7 
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TABLE I—Continued. 


~~ Number Relative 
Wave-Length Origin of Mean it 
Spots | Wid’ng _ 


Inten 
: Remarks 








6240.86 Fe 23 7.0 2 
43.06 V ooo | Always much widened, especially the 
> 45 | 28.0 more refrangible line; most wid- 
43.32 V I ened of all the lines. 
44.03 } I.¢ 2 | Unaffected three times. 
44.69 4 1.0 2 | Unaffected three times. 
46.54 Fe 25 4.0 8 | Unaffected three times. 
e 47.77 5 5.0 2 | Unaffected three times 
52.05 V 7 9.¢ 00 
52.77 Fe 30 6.0 7 | Displaced to violet once. 
54.38 ra) 4.0 I Displaced to violet once. 
54.40 Fe 35 5.0 5 | Displaced to violet once. 
50.57 Ni, Fe 34 6.0 6 Displaced to violet once. 
58. 32 li 8 86 2 
58.57 J 0000 
58.93 73 32 7.0 3 Displaced to violet once 
59.50 I 20.0 [ose] 
61. 32 rs 20 9.0 I Displaced to violet once; extended 
far into penumbra. 
63.08 ¢ 2 4.0 
Os 35 Fe 22 }.O 5 Displaced to violet once 
66.55 V ? 4 21.0 000 
07.04 4 5.0 | 0000 
69.08 V 7 14.0 ooo | Obliterated once 
70.44 Fe 14 2.0 3 | Darkened; unaffected once. 
71.49 Fe 12 3.0 o | Darkened; unaffected three times. 
74.87 6 heh 7 ae oo | Fuzzy lines in spots. 
75.49 J 000 
78.30 O 10 2.0 4 | Head of the Alpha group. 
79.08 | O ~ 2 
79-3 VO 3 
A pe O 2 5.0 rs Unaffected once 
80.60 O 4 5.¢ 2 
80.83 Fe 10 5.0 3 
82.93 Co, O 10 6.0 2 | Obliterated once 
86.03 A (wv) : — oo | Vanadium 6285.38; hazy over the 
86. 36 ‘ ° spot once. 
87.95 O S 5.0 I 
g1r.18 Fe 12 3.0 } 
92.38? | O 3 4.0 2 | Vanadium 93.03; darkened once. 
05.39 O 6 3.0 3 Hazy over spots twice 
90.17 O 4 3.0 3 
Qd.O1 Fe If }.¢ 5 
99.44 Fe, O 14 4.0 3 | Hazy over spots twice. 
*63201.72 Fe 7 c.0 7 Displaced to violet once. 
02.21 O 13 1.0 2 | Unaffected twice; darkened. 
* 02.71 Fe 13 2>.0 5 
02.905 O I 0.0 
06.02 O 18 16.0 2 | Generally much widened; widening 
on violet side once; once extended 
into penumbra; a band near here. 
06.78 O 6 3.0 2 | Generally unaffected. 
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Continued. 


Remarks 


Darkened. 
Darkened. 
Unaffected once 


Darkenec¢ 


Darkened. 
Darkened. 
Darkened. 
Darkened 
| Jarkened 


Unatfected once 


Darkened. 
Darkened. 
Darkened. 
Darkened. 
Hazy over spot once 


Unaffected once 


Hazy over spot once. 


Hazy over Spot once; 1 
Variable line. 


Spot band DoOSItior 


r 
Spot-line 


Darkened; almost rev 


Spot-line 
pot line 


Darkened; weakened 


reversed once 


Darkened. 
Darkened 


inaffected once 


Spot-band position: unaffected once. 
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TABLE I—Continued. 





Number Relativel 


Wave-Length Origin of Mean | Inten Remarks 
Spots | Wid’ng| “9 
2 10.0 Spot-line; darkened. 
6415.20 27 4.0 1 | Darkened; less dark twice 
* 197.13 Fe? 27 4.0 1 | Obliterated six times 
20.17 Fe 37 3-0 | 
21.57 Fe 7 a 7 
21.74 Ni a iia 000 
25.05 3 7.0 oc 
26.51 2 d.¢ 000 
31.07 Fe 37 4.0 5 | Darkened 
+ 22.90 Fe? 19 4.0 I Unatfected three times. Notin Kayser 
and Runge’s list of arc lines of Fe 
36.63 Fe I S 
209. 29 Ca 17 5.0 8 | Darkened 
19 20 = I 5.9 
50.03 Ca 6 Close triplet in spots 
50.40? | Ca 14 6.¢c C 
50.55 Co ° 
Sr.7or I 5.0 C 
§2.54° : ‘ 6 12.0 fore 
54-35°| A 2 8.0 | oo00 | Darkened 
5S ae oe 35 | 5.0 © | Darkened 
<6. 6 7 O 2 Darkened, otherwise unaffected. 
59.12 \ II 5.0 »C 
59 .go \ 2 7-¢ 2000 
* 62.78 Ca . ee 5 | Darkened; displaced to violet once. 
62.97 Fe +7 ; 3 | Young doubts which component 
reversed. Arc line of Fe at 62.95 
(Kayser and Runge). 
63.72? A (wv) 6 11 000 
64.90 ‘ d 7-° fore) 
66.49? | A 2 6.c 000 
68.12 \ 7 2 000 Displaced to violet once 
I 35.0 Faint spot line. 
09.41 Id 5 2 Darkened; displaced to violet once 
71.89 Ca 18 4.0 5 | Darkened; displaced to violet once 
72.70 A (wv) ‘ 7 oo | Darkened; displaced to violet once 
73-41 A (wv) sa sina 00 
75-44 A (wv) 2 3 5 
75-95 rrr 31 3.0 4 
79.41 A (wv) 2 g.¢ 00 
80.20 A (wv) 11 s I 
52.10 baie I 3.0 3 
83.03 Ni 26 — I 
53.47 A (wv) ? I 
87.01 \ (wv) 2 | 
91.88 Un 20 | I Darkened 
4 Ca 2 3 8 6 | Very dark once 
*®¥ Oos.21 Fe 28 S 8 Very dark once 
96.08 A (wv) 22 ».O I 
* 97.13 Fe 13 ¢.¢ | 
99.858 Ca 20 6.0 | 


6508.82 ? A (wv) I 6 
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—Concluded. 


Remark 


Darkened. 


C line; generally either reversed o1 
less dark over spots 


Darkened 


Darkened 


Spot line. 


Darkened. 


Darkened. 
Chromospheric line 6678.3 (Young); 
very dark three times; weakened 
once Over a spot 
Darkened. 
Darkened. 
Darkened; once very dark; displaced 
to violet once 
Darkened. 


Very dark three times 


Head of B group; twice darkened. 
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The intensities of the lines are taken also from Rowland’s table, 
in which a line marked 1 signifies one that is just clearly visible on 
his map of the solar spectrum, while successive zeros indicate suc- 
cessive degrees of faintness. 

The chief phenomena in the spectra of Sun-spots are, as regards 
the general absorption; a want of uniformity in blackness in various 
regions of the spectrum, with parts sometimes obscured, and, as regards 
the selective line absorption; the widening of the lines, the darkening of 
lines without widening, displacement of lines, obliteration of lines, 
extension of the widening across the penumbre of spots, reversal of 
lines, thinning of lines or reduction of intensity, hazy fringes to lines, 
especially the sodium lines, and spot-bands. Tables II and II] 
contain the mean relative widening of all the lines of each element, 


and a list of lines with the greatest mean widening. 


TABLE II. 


Relative Widening of the Lines of Each Element. 


ToTaAL NUMBER RELATIVE MEAN 
ELEMENT 

Lines Observations Widening Intensity 
Vanadium 11 186 12.3 0.0 
Pitanium 13 207 ..2 Ee 
Calcium 18 734 5-1 6.3 
Sodium | 255 ‘4 13.6 
Nickel : 28 566 4.5 2.2 
Manganese } 123 3.8 1.8 
[ron. 123 25909 3-7 2. 
Iron (chromospheric) lines 35 863 3.6 1.6 

rep, . > = 

Oxygen : IS go 6.4 r.9 
Water Vapor $7 364 4.3 °.8 


The numbers for relative mean widening are derived in the same 
manner as in Table I. The tables show the important part played 
by the faint lines of vanadium and titanium in the spectra of Sun 
spots, as was pointed out in 1898." Lines which in the earlier observa 
tions were classed as of unknown origin have since been found to be 
due to vanadium or titanium. These faint lines are always at all 
times of the Sun-spot period among the most widened lines, A 6243.06 


Monthly Notices, R. A. S., 58, 370, 1898. 
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TABLE III. 


List of Lines with the Greatest Mean Widening. 


Relative Mean 


Wave-Length Origin Spots Intensity 
Widening 

5978.77 Ti 23 II I 
990 .9G2 Ti 23 I 

6005.77 Fe 2: 9 
39-95-. V 42 10 

6126.44.. Is 15 I I 
54-44 Na 16 ) , 
60.960\.. Ca 2 
2. ee Na - 7 j 
Q9.40.. . V 20 14 

6210.9g0.. I2 I2 
43.06 V $5 28 
61.32 Ti 29 9 I 
74.87 ‘4 II 12 

6200;07.... O 1d 16 

6405.95 . Ic Q OC 


of vanadium being particularly noticeable.'. My observations afford 
no evidence of crossing points when faint lines of vanadium and 
titanium give way to lines of iron at a period between the Sun-spot 
maximum and minimum. They do, however, confirm the fact that 
the iron lines, while not displacing other faint lines, are more affected 
in minimum than in maximum spots.?. This fact nevertheless would 
seem to give no warranty for any conclusion drawn from it as to an 
essential difference of character or temperature between maximum 
and minimum spots. A difference of level might possibly account 
for the greater relative importance of iron lines in minimum spots. 

The iron lines which are bright in the chromosphere in this part 
of the spectrum are not affected differently in Sun-spots from lines 
not brightened in the chromosphere. These bright chromospheric 
lines are mainly arc lines. 

The widening of some oxygen lines in Sun-spots, particularly in 
the a band, seems to be a real phenomenon. The single hydrogen 
line, the C line, is generally thinned and almost reversed over spots, 
and very frequently reversed and distorted in their immediate neigh 
borhood. If oxygen and hydrogen are present in Sun-spots, it is 
conceivable that such a reduction of temperature might occur in 


Tbid., 49, 410, 1889, and 62, 516, 1902. 


2 Journal British Astronomical Association, 1, 175, January 18091 
’ / e 
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their materials when they are ejected to considerable distances from 
the solar surface as to permit of their combination, and the formation 
of water vapor. Spot-bands which are sometimes seen in the spectra 
of Sun-spots would also, if they represent, as seems likely, the spec 
trum of a compound, witness to a great reduction of temperature in 
the materials constituting the spot.’ But the widened lines accredited 
to water vapor generally occur in crowded parts of the spectrum, 
so that the widening attributed to them may really be due to the 
presence of faint solar lines in their immediate neighborhood. Again, 
there is a haziness about the widening of such lines which is unlike 
the clear-cut widening of metallic lines. Hence the appearance of 
widening may be purely subjective and so fictitious, and not really 
due to the spot. The question is one that needs to be elucidated by 
further research. 

The predominance of vanadium and titanium in Sun-spots is 
important in view of Professor Fowler’s recent identification of the 
flutings in Secchi’s third type of stars as due to titanium or to a 
compound of the metal,? and Sir Norman Lockyer’s matching of the 
intensified lines in the spectrum of Arcturus with lines of these same 
elements.3_ Professor Hale has also shown that many of the lines in 
stars of the fourth type are coincident with lines observed in the 
spectra of Sun-spots by Mr. Maunder and myself.4 


STONYHURST COLLEGE OBSERVATORY, 
July, 1904. 
Vonthly Notices, R. A. S., 47, 19, 1886 
2 Proc. R. S.,'735 219, 1904 3 Ibid., 74, 53, 1904. 
+ Publications oj the Yerkes Observatory oj the University of Chicago, 2, ** The 
Spectra of Stars of Secchi’s Fourth Type,” by Messrs. HALE, ELLERMAN and PARK 
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ON THE PRESENCE OF YTTRIUM AND YTTERBIUM IN 
FLUOR-SPAR. 


By W. J. HUMPHREYS. 


SOME years ago fluor-spar was found at Amelia Court House, 
Virginia, so sensitive to thermal effects, that on simply being kept 
in the hands for a few minutes it becomes distinctly luminous. This 
exceptional sensitiveness naturally rendered it an object of some 
interest, and in the spring of 1903 I got several samples from the 
supply of it at the University of Virginia with the object of examining 
it spectroscopically. The phosphorescent light of the green speci- 
mens gave only a broad green band, at least in the visible region, 
while the pinkish ones gave, besides the green, a somewhat fainter 
orange band. The light, however, was too feeble to justify an 
attempt, through wide dispersion, at possible resolution and wave 
length determination, and this part of the investigation was therefore 
abandoned; but with the hope that either the spark spectra of any 
included volatile substances or the arc spectrum of the solid itself 
might furnish more interesting results. 

In the meantime Dr. Charles Baskerville, then of the University 
of North Carolina, sent me several samples of powdered fluor-spar 
with the request that I examine them for the possible presence of 
thorium, an element, or complex, to which he has devoted a great 
deal of valuable work. The origin of these samples was at first a 
secret, but some months later I was informed that they too were from 
Amelia Court House. Baskerville was then working on this par 
ticular fluor-spar with Kunz of New York city, and doubtless in due 
time they will have much of interest to report. No thorium was 
found, but arc spectra of all the samples showed the presence of quite 
appreciable amounts of yttrium and ytterbium. On examining my 
own samples of fluor-spar from Amelia Court House the same results 
were obtained, and as neither of these elements, so far as I could 
learn, had ever previously been detected in this rather common and 
widely distributed mineral, the examination for them was extended 


to samples from other localities, with the results shown in Table I. 
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TABLE I 


List of Fluor-Spars Examined. 











Where from 


Arrica: Dutch S. W.— 


Furnished by 


Amount Yttrium Amount Ytterbium 


Hanneit am Bockberge . K. Appreciable 
AMERICA: Canada 
Thunder Bay, Manitoba .. F. Fair Trace 
AMERICA: Mexico 
Near Guanajuato I Trace 
AMERICA, U.S: Arizona 
Yuma Co... F. Appreciable 
Calijornia— 
Los Angeles. sis aie P; ax Small 
White Pine (Colo. ?) ... P. i Small 
Colorado 
Eureka......... F, Fair Trace 
Pike’s Peak... F. Small 
Connecticut 
Long Hill... F. Small Trace 
Plymouth.. E. B. M. Small 
Trumbull.. A. H. P Small 
Illinois— 
Hardin Co A.J.M Trace 
Rosiclare. . J. W. M. Trace 
Shawneetown A. C. G. Trace 
Kentucky 
Ashbridge Spar, Crittenden Co., B. and N. Trace 
Columbia Mine,' Crittenden 
ae Trrrerrry : B. and N. Small 
Corn Spar, Crittenden Co B. and N. 
Harrodsburg, Mercer Co A Trace 
Hodge Mine, Crittenden Co.. B. and N. 
Klondike Mine, Crittenden Co.) B. and N. 
Memphis Mine, Crittenden Co.| B. and N 
Panther Hollow Mine,  Crit- 
tenden Co. en B. and N. 
Tabb Mine, Crittenden Co B. and N. 
VWaine 
Wilson. N. E.G Trace 
Maryland 
Near Cumberland . E. B. M 
VWissourt 
3 eS 6) eee W. G. B. Trace 
ke IB ass ba uber eiciees J. W. M. Trace 


t Lead and zinc mine with small amount of fluor-spar. 
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Where from 


New Hampshire 
Westmoreland.. 


White Mountains (colorless) 


W. 


J. HUMPHREYS 


TABLE I—Continued. 


List of Fluor-Spars Examined. 


White Mountains (green). 


New Jersey 
Franklin 
Hamburg . 


New Mexico 


Socoro Co.!. 


New York 
Gouverneur . 
Loc kpe 3 a 
McComb 
Mineville . 


Muscologne Lake... 


““New York”’ 
Rochester. . 


Tilly Foster Mine, Brewster.. 


North Carolina 
Davidson Co... 


Ohio 
Carlysle. 


Pennsylvania 
( *hester Co 
Me ymnroe Co 


Tennessee 
Davidson Co 
Smith Co 
Watertown 


Texas 
Llano Co... 


Llano Co.?. 


tah 


Woodside Mine, Par 


Virginia 


Amelia Court House. 


Amelia Court House 
Amelia Court House 
Amelia Court House 
Fabers Mills 


k City. 


(green) 


(purple) 


(white) 


Furnished by 


J. W. M. 
N. E. G. 
N. E. G. 
E. B. M. 
A.J. M 
| 
fe 

F. 

2 

..€.G 
1. W. M. 
E. B. M 
E. B. M. 

F. 

. = 
E. B. M. 
F. 

I 
W. ba DD. 
W. L. D. 
W.L.D 
H. W. H. 
H. W. H. 
as 


( 

ee 8 
.. a 
F.P.D 


t Contains a large amount of barium. 


Amount Yttrium 


Small 
Fair 
Fair 
Small 
Small 
Fai 
1] 
omall 
Fai 
Fa 
Small 
Trace 
omall 
Trace 
Small 
Small 
Small 
Trace 
Small 
Large 
Small 
Large 
Fair 
Fair 
Large 
Small 


2From region of gadolinite and other rare minerals. 





Amount Ytterbium 
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TABLE I—Continued. 
List of Fluor-Spars Examined 


Where from Furnished by Amount Yttriur Amount Ytterbium 


AMERICA, SOUTH: Bolivia 
Corocoro . J I kK. Large re) | il] 


ASIA: Siberia 
Nertchinsk A.J. M Small 


A USTRAI 


T 

I 
>] | 
Block 


\ V.S. Wales 
I4 Mine, sroke n Hi kK. Small 


ROPE: Austria 


Altenmarkt, Salzburg W.L. D Smal 
Bleiberg, ¢ arinthia @ Trace 
Graupen, Bohemia W.L. D Small 
Moldova, Banat, Hungar kK. Small 
Rabenstein, Tyrol K Small 


Sarnthal, Tvrol.. kK. Fair Small 
Schlackinwald, Bohemia cE.B.M Trace 


Schénfeld, Bohemia . kK Small 
Sodenthal, by Bozen, Tyrol K Small 
Weipert, Bohemia IN Sma 

Zinwald, Bohemia F. Smal 


7? iand 

Allen Heads, Northumberland C.8 Fair 

{Iston Moor, Cumberland J.W.M Fair Small 
Beer Alston, Devonshire W.L. D. Small 

Cornwall | 

Derbvshire | 

Devonshir« K Small 
Northumberland ( B Fair 

Weardale, Durham J W.™M Fair Smal 


France 
\uverene W.L. D Small 
Gabas, Pyrenet kK. Smal 

Germany , 

Altenberg, Saxony 


\ J. M. \ppre iable Lrace 
Andreasbe ry, Harz W. 


 E Appreciabl 


J 

I 
Bésenbrunn, Saxony K Fair 
Braunsdorf, Saxony... K. Fair 
Celsnitz, Saxony . ; \. J. M Trace 
Ehrenfriedersdorf, Saxony E. Small 
Freiberg, Saxony wy... 2 \ppreciable 
Furstenberg, Saxony W.L. D. Small 
Gersdorf, Saxony K Small 


Grosschirma, Saxony.. K Fair Trac 

Grube Moritz, by Sewen, Up 
pe r Alsace. ° kK 

Haardt, by Kreuznach, Rhin« K Fair Trace 

Hausbaden, Baden. K. 

Kiesberg, Silesia . ' ea K. Trace 

Krumschlactthal, Stolberg ~o| ee ae Fait 
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TABLE I—Continued. 
List of Fluor-Spars Examined. 
Where from Furnished by Amount Yttrium Amount Ytterbiun } 
Marienberg, Saxony - F. Small 
Munsterthal, Baden.. A.J. M Fair Trace 
Neudorf, Harz ...... : EF. B. M. Fair 
Niederpébel, Saxony.. K. Fair I'race ? 
Rappoltsweiler, Alsace K. Small 
Ratisbon, Bavaria K Trace 
Schleusingen..... ; K. Fair Small 
Schmalkalden, Kurhessen. W. L. D. Small 
Schwarzenberg, Saxony.. K. Small 
Stolberg, Harz... J. W. M Appreciabl 
Strassberg, Harz.. K. Small 
Striegau, Silesia K. Small 
Welsendorf, Bavaria W.. 4. @. Small 
Woelsenberg, Bavaria. a Trace ? 
Worlberg, Harz... |. W. M Appreciable Trace 
Italy 
Baveno... . is ; F. Small 
Gerfalco, Tuscany...... =e K Small 
Vesuvius Tei : K. Small 
Norway— 
Kongsberg... ; K. Small 
Kragero.. é - K. Trace 
Switzerland 
Dissentis ... J. W. M. Small 
Qo K. Fair Trace 
Oltschen Alps. kK. Small 
St. Gothard.. 2. Fair \ppreciable 
EXPLANATION OF TABLE I. | 
In the columns marked ‘“ Amount,” the order of increase is trace, small, appre 


ciable, fair, large. The first is used when 


the lines of the element in question are 


clearly present but faint, while the last is reserved for those sample s that vield very 


heavy lines. 


In the column designated ‘‘ Furnished by,”’ 


C. B. means Dr. Charles Baskerville, | 
B. and N 
W. G. B. means Professor W. G. Brown 


Iniversity of North Carolina 


means Blue and Nunn, Marion, Ky 


, University of Missouri 


C. means Chinn Mineral Co., Harrodsburg, Ky. 


W. L. D. means Professor W. L. Dudley, Vanderbilt University, Tenn 
F. P. D. means Professor F. P. Dunnington, University of Virginia 
E. means George L. English Mineral Co., New York city. 

F. means Foote Mineral Co., Philadelphia, Pa. 


N. E. G. means Dr. N. E. Gilbert, Dartmouth College, New Hampshir 
\. C. G. means Professor A. C 
H. W. H. means Dr. H. W. 


Harper, University of Texas 


Gill, Cornell University, New York. 
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J. F. K.* means Professor J. F. Kemp, Columbia University, New York city. 

kK. means Dr. F. Krantz, Bonn, Germany. 

P. L. means Dr. P. Lewis, University of California. 

J. W. M. means Dr. J. W. Mallet, University of Virginia. 

E. B. M. means Dr. E. B. Mathews, Johns Hopkins University, Maryland. 

\. J. M.* means Professor A. J. Moses, Columbia University, New York city. 

\. H. P. means Professor A. H. Phillips, Princeton University, New Jersey. 

The above table by no means exhausts the fluor-spar localities, but 
it is sufficient to show the wide distribution of yttrium and ytterbium. 
The failure to detect these elements in certain fluor-spars does not 
at all prove their absence, but only that if present they are there in 
vanishingly small amounts. In this connection the fluor-spars of 
Crittenden county, Ky., are of interest. There are several large 
fluor-spar mines in this section where the mineral is obtained com- 
mercially, and also a lead and zinc mine that furnishes a small quan 
tity of fluor-spar. This latter contains a distinct amount of yttrium 
while samples taken from the large mines do not show it. In the one 
case it is relatively concentrated, while in the other it probably is 
also present, since found in that region, but too diluted by the great 
mass of fluor-spar to be detected by ordinary means. 

Along with the fluor-spar at Amelia Court House occur several 
other minerals, and of these allanite, beryl, columbite, feldspar, 
garnet, microlite, and monazite were examined. Yttrium was 
found in all of them and, as with the fluor-spars, where the yttrium 
was in quantity ytterbium was also detected. This region and a 
part at least of Llano county, Texas, seem to be especially rich in 
these elements, and while their presence in the fluor-spars of these 
places might therefore not be surprising, it is certainly worth noting 
that yttrium and probably, to a less extent as a rule, ytterbium as 
well, occurs in practically all fluor-spars; and further that these alone 
so occur to any appreciable extent. None of the other rare elements, 
such as cerium, lanthanum, the didymiums, etc., was detected in 
even those fluor-spars from the regions of these elements and rich 
in yttrium and ytterbium. 

The three samples richest in yttrium and ytterbium, those from 
Amelia Court House, Va., Llano county, Texas, and Corocoro, 
Bolivia, proved to be exceptionally sensitive to thermal effects. 


t Through the kindness of Dr. S. A. Mitchell, Columbia University, New York. 
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This, while it may be only a coincidence, seems to fit with the idea 
that the phosphorescence is conditioned by some sort of molecular 


instability. 


It may also be worth noting that there seems to be no sort of 


connection between the amounts of yttrium and ytterbium present 
and the color or the transparency of the fluor-spar. 

A few other minerals, such as marble, borocalcite, cryolite, and 
mica, were examined to see whether yttrium follows either cal 
cium or fluorine compounds in general, but it was not with certainty 
detected in any of them. 

Possibly these facts may be of interest in mineralogy and chemical 
geology, but I leave any discussion of this to those more directly con 
cerned with these subjects. Be that as it may, the wide distribution 
of yttrium and ytterbium is certainly of some value to astrophysics, 


because it quite prepares one to look for their lines in the solar spec 


trum. Indeed Rowland’s tables assign a considerable number of 


lines to yttrium, but several other yttrium lines and a few of ytterbium 
[ think may safely be added. 

These are given in Table II, and while the agreement in wave 
length between Exner and Haschek’s tables of spark spectra, which 
are used for this correction, and Rowland’s solar spectrum is not 
exact, it probably is as close as the difference in sources and methods 
of observation and measurement could lead one to expect. 

The chief though not the only yttrium lines used in this search 
are 4 4309.81 and A 4375.12. The latter is the strongest line in the 
arc spectrum of yttrium and is well removed from other spectrum 
lines, including bands, except cobalt 4375.11, manganese A 4375.10, 
and samarium A 4375.15, all of which are faint. None of even the 
strongest cobalt and samarium lines was found on any of the plates, 
and while manganese was always detected, owing to its presence in 
the carbons, and probably too as a trace in some of the fluor-spars, 
only its strongest lines appeared. Several plates were taken with bare 
poles, and in no case could A 4375.10 be found. Consequently under 
the circumstances a line at this place was tolerably conclusive evi 
dence of the presence of yttrium; and besides, whenever it was at all 


heavy, other yttrium lines, in their proper relative intensities, were 


always present. 
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Similarly in the case of ytterbium the principal lines used are 
A 3694.37 and A 3988.16. The latter is tolerably though not wholly 
free from band disturbance, is much the strongest of all ytterbium 
lines, and is well isolated, except for uranium A 3988.16 and tungsten 
» 3988.18, neither of which could have appeared on my plates, since 
both are faint and not even the strongest lines of these elements were 
ever present. 

The above wave-lengths are those given by Exner and Haschek 
for arc spectra. 

In all cases the first spectrum as produced by a Rowland concave 
grating of 21.5 feet (6.5 meters) focal length was used, and an effort 
was made to have the exposures the same, though owing to great 
irregularities in the arc this equality must be only very roughly 
approximate. 

TABLE II. 


Suggested Corrections to Rowland’s Table. 


EXNER AND HASCHEK’S SPARK SPECTRA ROWLAND’s SOLAR SPECTRUM 

A Substance Intensity A Substance Intensity 
PC OS er oe Yb 100 er Eb ? 4 
3493.90. .0++ 'b 20 oe eee 000 
ee ee 'b 200 ee Eb ? 3 
ES 6a: 93 99 900 ‘ 8 Co) See I 
ee ere Y 10 SUGDEN s 64 3s o05'< I 
CO a ee Y 20 4543 .080..... ...| —, Ne 3n 
eee Yb 1S PU eee Ps Eb ? re) 
Pre oe Y 7 ALES OOD. 0 66000: 00 
4177.65. 4 50 Se ee 3 
EE POE Y IO pO eee fe) 
4200.52..... r 20 |) I 
IE, eerie gee Y 100 eae V, Mn 2 
a eae Y 15 4398.178. I 


In closing I wish to say that the fluor-spars, except of course those 
furnished by English, Foote, and Krantz, were sent to me without 
charge, and I desire here to thank all those whose combined kindness 
made this examination possible. 


UNIVERSITY OF VIRGINIA, 
July 1904. 











ON THE CONDITIONS WHICH GOVERN THE APPEAR- 
ANCE OF SPARK LINES IN ARC SPECTRA.’ 


By HENRY CREW. 


THE spark lines of any element are defined as those which appear 
in its spark spectrum without appearing in its arc spectrum, or, if 
found in the arc, appear much weaker than in the spark. 

If we adopt the unitary view of the electric discharge, as set forth 
by J. J. Thomson,’ J. Stark,3 and others, we may perhaps think of 
the spark in air as the general case of which the arc is a highly special 
case. But very important differences have been observed between 
the spectrum of this momentary arc, with its apparently small current 
between relatively cold electrodes, and that of the ordinary arc pro- 
duced by a large uninterrupted current between relatively hot 
electrodes. The most fundamental of these differences are perhaps 
the following: 

1. The spark lines are in general less sharp than the arc lines. 

2. The spark lines are stronger and more numerous in the ultra- 
violet. 

3. The minimum potential difference required to produce a spark 
(except across distances comparable with a wave-length of light, such 
as those studied by Earhart*) is about 350 volts, roughly ten times 
that required to maintain an arc. 

4. Spark lines are in general accompanied by air lines. 

To determine as completely as possible the essential physical 
conditions, in the source, which produce the one or the other of these 
two spectra may be reckoned one of the important problems of 
present-day spectroscopy. 

Adopting the electron theory, one naturally expects to find most 
of the arc lines in the spectrum of the spark; but the discovery of the 
inverse phenomenon by Liveing and Dewars’—the appearance of 

t A paper read before the American Physical Society, September 16, 1904 
2 Conduction of Electricity through Gases, chaps. 13 and 14, 1903 
3 ‘‘ Entstehung der electrischen Gasspectren,”’ Ann. der Phys., 14, 506, 1904 


+ Phil. Mag., 1, 147, 1901 Proc. R. S., 44, 241, 1888 
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purely spark lines in arc spectra—is somewhat surprising. 

The first line of this type to be observed was A 4481 in the arc 
between Mg electrodes. Since then many others have been noted, 
among them being the Zm line at 4 5894, between the two D’s, the 
red Cd line at \ 6438, and the A/ line at A 2816. 

In the oscillatory spark, Schenck’ found this type of line ‘‘due 
entirely to the oscillations, and the arc lines due partly to the oscilla- 
tions and partly to something else which retains luminosity after the 
oscillations cease.”” What corresponding distinction can be made in 
the case of the “‘dead-beat” discharge is an interesting question. In 
any event, the presence of spark lines in the arc would seem to prove 
that the oscillatory discharge is not a conditio sine qua non for their 
appearance. 

In the case of the arc, it has been found by the writer? that an 
atmosphere of hydrogen greatly enhances the intensities of the spark 
lines relatively to those of the arc. Porter? has shown that atmospheres 
of ammonia and oxygen produce a similar effect. Hartmann and 
Eberhard* have shown that the submersion of the arc under water 
serves to intensify the spark lines, owing probably to electrolytic 
hydrogen set free in the neighborhood of the electrodes. Hartmann’ 
has discovered that in the arc with stationary metallic electrodes 
some spark lines, e. g., in Mg, Pb, and Bi, increase in relative inten- 
sity as the current dim/nishes. He also found that the appearance of 
these lines is not due to the amount of impressed voltage, since a cur- 
rent of 4 amperes under 120 volts yields Mg 4481 only faintly, while 
the same current under 20 volts gives this line thirty times as strong. 
But I am inclined to give these results an interpretation different 
from that of Hartmann. For voltage is not the only variable here 
introduced; the two arcs differ in another very essential respect, viz., 
with a pressure of 20 volts the electrodes are comparatively cool, 
while with 120 volts the electrodes are enormously hot—white-hot 
indeed, since they yield a continuous spectrum. With electrodes at 
these high temperatures it is well known that Mg 4481 does not 

t ASTROPHYSICAL JOURNAL, I4, 126, 1901. 
: ASTROPHYSICAL JOURNAL, 12, 167, Ig00. 3 Tbid., 15, 274, 1902. 
+ Sitzber. Berl. Akad., 22 Jan. 1903; ASTROPHYSICAL JOURNAL, I'7, 229, 1903. 


Sitzber. Berl. Akad., 26 Feb. 1903; ASTROPHYSICAL JOURNAL 17, 270, 1903. 
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appear at all, or, at most, appears only in a region close up to the 
electrodes. May it not then be wiser to interpret this experiment 
as proving that the effect of increased voltage is here unable to over 
come the effect of hot electrodes? One is confirmed in this interpre- 
tation by an experiment of Basquin’s' in which he shows that voltage 
can, if it be high enough, and if it change with sufficient rapidity, 
produce spark lines even in a powerful carbon-metal arc where the 
electrodes are close together and white-hot. 

The following experiments, generously made possible by the Car- 


f 
) Volt-strip 
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Fic. 1.—Plan of Apparatus. 
* 
negie Institution, were undertaken to determine, as nearly as possi 


ble, the electrical conditions which accompany the appearance of the 

spark line at 4 4481, in the Mg arc. For this purpose the arc was 

examined simultaneously with a Rowland plane-grating spectroscope 

and with a Duddell high-frequency oscillograph arranged as indi | 

cated in Fig. 1 | 
The collimating lens (5 feet focal length) was used without a slit 

in order to make each line a monochromatic image of the arc. The 

oscillograph was provided with a falling photographic plate; its | 

frequency was ten thousand vibrations per second, and its oil damping 

practically perfect The scale employed on the time-axis of the 

photographs was uniformly 1/4000 second to the millimeter. The 


t ASTROPHYSICAL JOURNAL, 14, 14, IgOl. 
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volt-strip of the oscillograph was shunted across the electrodes of the 
arc. The voltage employed was r11o direct. 

Case I. Circuit with negligible inductance.—Such a circuit is 


obtained by joining the arc in series with the generator and with the 


Current 


Time 





Fic. 2.—Current-curve of magnesium arc. 


proper non-inductive resistance; the only inductance in the circuit 
is then the negligible amount located in the armature. The line at 
A 4481 is found only in the immediate vicinity of the electrodes. The 


lime 





Fic. 3.—E. M. F. Curve; iron arc; no inductance. 


typical current-curve’ in this case is shown in Fig. 2; the typical 
EK. M. F. curve is reproduced in Fig. 3. Scarcely a trace of extra 
E. M. F. is found when the arc is broken. 


It was hoped that these curves could be reproduced without any retouching: 
but at the time they were photographed the mirrors of the oscillograph had deterior- 
ated to such an extent that retouching became a necessity. However, all the essen- 


tials and practically every detail of the curves remain unchanged. 
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Case II. Circuit with large inductance.—A large electromagnet, 
whose inductance was 0.03 henrys, was placed in series with the arc. 
The appearance of A 4481 was practically unchanged from the pre- 
ceding case, the region in which the line appears being limited to the 
immediate vicinity of the electrodes. But the E. M. F. curve is much 
less abrupt in its changes than in. the circuit without inductance. 
Fig. 4 represents a typical E. M. F. curve in this case. 

It might be expected that under these circumstances—namely, 


rather large inductance, open magnetic circuit, single electric circuit 





Fic. 4.—E. M. F. Curve; iron arc; large inductance 


there would occur at break a sudden fall of current, accompanied by 
a large extra E. M. F. The painful physiological effect of shunting 
such a viciously intermittent arc with one’s body might at least 
warrant this expectation. ‘The oscillograph shows, however, that the 
break with high inductance is not rapid; the current appears to be 
“let down easy” by the metallic vapor in the arc. It may be that 
with large inductance, the extra current feeds the arc with metallic 
vapor until the very end of the break, which occurs with a suddenness 
such that it produces an exceedingly brie} extra E. M. F., affecting 
the nerves, but not affecting the volt-strip of the oscillograph. In 
any event, the important fact is that no extra-voltage is observable on 
the instrument. 

Case III. Arc broken by air-blast.—In the ordinary intermittent 
arc just described, A 4481 is found only in the immediate neighbor- 
hood of the electrodes. Now and then the line may be observed to 
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shoot clear across from one electrode to the other; but this does not 
happen under normal or steady conditions. Accordingly, the next 
step was to obtain an arc which would yield Mg A 4481 all the time 
and all the way across from one electrode to the other. This was done 
by ntroducing, behind the arc, an air-blast directed at right angles 
to the arc and along the axis of the collimator, and at the same time 
removing from the circuit, as nearly as possible, all inductance. 

The effect of this quickened break is to bring out A 4481 very 
strongly from one electrode to the other, and simultaneously to bring 


E. M. F. 





-— | 


Fic. 5.—E. M. F. Curve of Mg arc interrupted by air-blast 


out a distinct extra E. M. F. in the voltage-curve of the oscillograph, 
as shown in Fig. 5. 

The photograph shows the amount of this extra E. M. F. to be 
something like 1o per cent. added to he impressed E. M. F The 
same type of curve is given by iron and by other metallic arcs, one of 
which is shown in Fig. 6. 

In order to show that this peculiar feature of these E. M. F. curves 
does not hinge upon any peculiarity of the oscillograph, I photographed 
the curve with every condition, including the air-blast, the same as 
before, except that an inductance of 0.03 henrys, having negligible 
resistance, was introduced. The effect was to destroy the last trace 
of any extra E. M. F., which could hardly have happened if the curve 
in Fig. 6 had in any way resulted from lack of “dead-beatness”’ in 
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the vibrator of the oscillograph. The simultaneous effect in the 
spectroscope is to practically obliterate A 4481. 

Case IV. Arc in atmosphere oj coal gas.—The next case examined 
was that in which spark lines are introduced into the arc by means of 
atmospheres of hydrogen, coal gas, ammonia, etc. The arc was 
here inclosed in coal gas and examined as before with the spectro 
scope and the oscillograph. The same extra E. M. F. and the same 
relative intensification of 44481 were found. Similar phenomena 
were observed in an atmosphere of oxygen. 

When the arc is operated in transformer oil, the same extra E. M. 


Time 


> 





Fic. 6.—E. M. F. Curve of iron arc, interrupted by air-blast 


F. is observed; but, under the circumstances of this experiment, the 
absorption of light in the oil was sufficient to blot out almost the 
entire spectrum of magnesium, so that nothing can be said about the 
intensity of A 4481. 

We have here probably the explanation of the fact that spark 
lines are either introduced or intensified by the above-mentioned 
atmospheres; namely, the hydrogen, jor example, makes a more rapid 
break, and this in turn introduces an extra electromotive force which 
in some way, as yet unknown, is responsible for the radiation of the 
spark line. 

It is not to be imagined that in any of these cases the small extra 
E. M. F. observed, say 10 volts, is entirely responsible for the appear- 
ance of the spark lines. Much more probable is it that this rise of 


10 volts is merely the indication which the oscillograph gives of a 
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vastly higher E. M. F. lasting for a time too short to record itself on 
this instrument. 

It is evident from the form of these voltage-curves, considered in 
connection with a simultaneous current-curve, as shown in Fig. 7, 
that the E. M. F. in the arc diminishes, celeris paribus, as the current 
rises. 

In a constant voltage circuit small currents will therefore carry 
with them a higher voltage between the electrodes, cooler electrodes, 
and in all probability an enormously quicker break (and hence 
higher extra E. M. F.) than the larger currents. 

It seems, therefore, not unlikely that im the case oj the small cur- 


Curve of E. M. F. 


Curve of Current vr y~X\ Zero axis 


Fic. 7.—Illustrating fall of voltage with rise of current in arc circuits. 








rents studied by Hartmann, as well as in the case oj the arc interrupted 
by an air-blast; in the case oj the arc in hydrogen, etc., and in the case 
oj the ordinary spark, the one condition essential jor the production oj 
Mg 4481 is a voltage relatively high when compared with that neces 
sary to produce arc lines alone. 

Just what extra E. M. F. ought to be expected at the break of an 
ordinary metallic arc it is difficult to say, for the reason that the 
differential equation which describes the electrical behavior of such 
a circuit 

d(L1) |p; _E 
dt 
is not immediately integrabe. E is here the impressed E. M. F., L 
the inductance, and 7 the instantaneous value of the current. The 
difficulty is that R, which is the resistance of the entire circuit includ- 
ing the arc-gap, is not known as a function of the time, ¢; and hence 
the extra E. M. F. cannot be computed. 

But Arons? has assumed a functional relation between R and /, 
which, it seems to me, describes fairly well the circumstances of the 
intermittent arc when operated without inductance. He imagines 


t Wied. Ann., 63, 177, 1897 
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the resistance of the circuit to increase uniformly with the time from 
its initial value, R, to infinity, the whole var ation occupying a very 
brief interval of time, say of the order of 1/1000 second, extending 
from ¢=o to /=T. 

This assumption, which would seem to be justified by the typical 
current-curve shown in Fig. 2, makes the equation easily integrable, 
and allows us by again differentiating the integral value of 7 to get 
d(L1) 

dt 
not invo ving 7, namely, 


in terms of known quantities, that is, in terms of quantities 


\/ - 
Extra E. M. F.=2 ag _3(|" | 
dt 6—7 | \r-2 \ 
where @ is the time-constant of the circuit, tT the entire duration of 
the break, and ¢ the instant at which the extra E. M. F. is computed. 
Applying Arons’ solution to Case I above, where an electrode 
2 inches long is rotating about its center with a speed of 1200 revolu 
tions per minute, and where the arc appears to break about the time 
it reaches } inch in ‘ength, we find T=0.002 second approximately. 
The initial resistance is here 1oohms, and the inductance approximately 
+ of a milhenry; so that the time-constant is 0.00003 second. 
For cases of this kind, in which 7 > 8, Arons’ equation becomes 
d(Lt) - 


a. os 


Accordingly, we have, for a t1o-volt circuit, an extra E. M. F. of 
3 , : . 
rol et ) 1.6 volts, extending over all except the very first instant 
200 — 3 : 


of the break. Such a small increase of voltage—approximately 1 per 
cent.—could scarcely be detected on this oscillograph. It is not sur 
prising, therefore, that no extra E. M. F. was found on any of the 
voltage-curves obtained with a natural break. 

In Case II, where a large inductance—3o0 milhenrys—is introduced, 
the current-curve during break is no longer a straight line, but is 
convex outwards, so that Arons’ assumption of a uniformly increasing 
resistance can hardly fit the case; for here the extra current is very 
large and appears to fill the arc with metallic vapor and to delay the 


high resistance until the very end of the break. 




















SPARK LINES IN ARC SPECTRA 283 


It is not surprising, therefore, that we do not here find the large 
extra voltages predicted by Arons’ equation, ranging from 11.6 volts, 
very near the beginning, to 1940 volts, very near the end of the break. 

In Cases III and IV, however, where inductance has been removed 
and the break artificially quickened, Arons’ assumption appears to 
he at once the simplest and most rational. If we suppose that the 
air-blast has reduced the duration of the break to one-fifth or one- 
tenth of its former value, then Arons’ equation predicts an extra 
E. M. F. of from 9 to 19 volts, in addition to the impressed E. M. F., 
which agrees very well with that actually observed in the oscillograph. 

Stark (loc. cit., p. 519) makes a rather clear distinction between 
the are and spark, based upon two antecedent definitions. He first 
defines a purely thermal temperature in the ordinary manner, namely, 
makes it proportional, for any one gas, to the mean square of the 


‘ 


molecular speeds. He next defines an “electrical temperature”’ as 
one proportional to the mean square of the ionic speeds. It is evi 
dent that in the case of a strong electric field, such as that between 
the electrodes of a spark, the ionic velocities will be distr buted ‘n a 
manner very different from that prescribed by the Maxwell-Boltzmann 


‘ 


law, and that the ‘‘electrical temperatures” may differ very widely 
from the ‘‘thermal.”’ 

The exper:ments described above seem to point to Stark’s distinc 
tion between the arc and spark as a valid one. His distinction is 
roughly as follows: The arc is a region of comparatively high ther- 
mal and low electrical temperature, while the spark is a seat of com- 
paratively low thermal and high electrical temperature May it not 
be that the lack of this distinction has caused much fruitless discus 
sion of the perennial question concerning the temperatures of these 
two sources ? 

Another step in this direction may lead us to what is rather pure 
speculation. Yet those who have studied electrical vibrations and 
those who have studied the Geissler tube have given us evidence for 
thinking that the source of radiation in such a discharge, and in 
electrical discharges in general, lies in the accelerated negative ion. 

In the case of the vacuum tube, where the electric discharge is pre 
sented if not in its simplest form, at least in a form most easily 
studied, it has been amply proved, by Graham, Wood, and others, 
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that zonization, luminosity, temperature, and electric jorce rise and 
fall together. Just how this may happen has been beautifully 
explained by Thomson in his Conduction oj Electricity through Gases, 
Chapter XVI. 

The evidence cited above for thinking that spark lines are always 
accompanied by steeper potential-gradients would seem therefore 
to be quite in harmony with the electron theory, in whieh radiation 
is proportional to the square of the acceleration' of the electron, and 
the acceleration in turn proportional to the potential-gradient. 

In the case of those stars which exhibit spark lines in their spectra, 
it is difficult to imagine just what similarity of physical condition 
there is between the star and the region about the electrodes, especially 
since we might expect stellar temperatures to be what Stark calls 
‘purely thermal,” while in the spark ‘“‘electrical temperatures”’ would 
be the dominant factor. Is it not possible that, under the extra 
ordinary temperatures which may exist in stellar bodies, the ioni 
speeds, while differing radically in distr.bution, may be quite equal 
in amount to those which occur in the most energetic spark? If so, 
the physical difference between the two sources would be slight, for 
it would be reduced largely to a difference oj distribution oj toni 
velocities. ‘The chief results of this experiment are then the fol 
lowing: 

1. A high E. M. F., rapidly changing, is a probable conditio sine 
qua non for the appearance of spark lines in are spectra. 

2. The effect of hydrogen and other atmospheres in introducing 
spark lines is explained by the fact that these atmospheres produce a 
more rapid break. 

NORTHWESTERN UNIVERSITY, 


EVANSTON, ILI 


September I, 1904. 


t LARMOR, Ether and Matter, p. 227 
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THE LOSS OF LIGHT BY DIFFRACTION AT A NARROW 
SLIT.’ 
By J. H. Moore. 

It is well known that all high-dispersion slit spectrographs are 
very wasteful of light. When they are used in conjunction with a 
refractor, the combined instrument delivers to the photographic 
plate probably less than ro per cent. of the light incident upon the 
objective of the telescope. In the design of astronomical spectro 
graphs, where the source of light is in general faint, it becomes then 
of fundamental importance to arrange the parts of the instrument so 
that it shall have the greatest possible efficiency, consistent with the 
purity of spectrum, dispersion, and resolving power required by the 
particular problem in hand. 

If a certain resolving power and dispersion be given, then in a 
prism-spectrograph a definite and unavoidable loss of light occurs by 
absorption and reflection at the objective, the lenses and prisms. To 
secure the required purity of spectrum it is necessary to use a very 
narrow slit, introducing an additional loss of light which may be 
looked upon as due to two causes: first, the diminished area of the 
image source and, second, diffraction at a narrow slit. Both of 
these losses depend upon the linear width of slit, while the purity of 
the spectrum depends only upon the angular slit-aperture as seen 
from the center of the collimator lens. It is therefore possible, by 
using a collimator of sufficient focal length, to preserve the purity of 
spectrum, and at the same time utilize the light which would other 
wise be lost at a narrow slit. 

The importance of using a collimator of great focal length so as 
to increase the linear aperture of the slit was first pointed out by 
Professor Campbell,? who, in the design of the Mills spectrograph 
has employed a collimator length limited only by the size of the 
prisms which it is advisable to use. Abbot, in his researches with 

t Also to appear as a Bulletin of the Lick Observatory. 

2“*The Mills Spectrograph of the Lick Observatory,’’ ASTROPHYSICAL JOURNAL, 
8, 123-156, 1808. 

3 Annals of the Astrophysical Observatory oj the Smithsonian Institution, 1, 1g0c 
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a bolometer, has shown that the loss of light at a narrow slit due to 
diffraction alone is quite an important factor, amounting to about 
50 per cent. with the particular apparatus, slit-widths (0.10 mm), 
and region of spectrum (1.8) used in his investigation. With the 
region of spectrum (about 0.45 #) employed in line-of-sight work the 
loss by diffraction does not amount to so much as this with the linear 
aperture of slit which it is possible to use; but it is desirable to know 
just what this loss is for different slit-widths. At the suggestion of 
Director Campbell, the present investigation was undertaken on 
account of its important bearing upon the design of astronomical 
spectrographs. 

As we are interested here only in photographic effects, it was 
decided to use photographic methods in the investigation. 

Experience has shown that it is possible to judge of relative intensi 
ties by the density of the corresponding photographic image only 
within certain limits, but a method which reduces the comparison of 
intensities to one of exposure-times giving the same density of nega 
tive seems to be quite accurate, and assumes nothing with regard to the 
action of a photographic plate which is not in accord with experiment. 
The following method was found to be very sensitive to changes of 
intensity, and was employed in the present work. The spectrum 
of a constant source of light was photographed with different aper 
tures of slit. One slit-width with a given exposure-time was selected 
as standard. The intensities due to other widths of slit were com 
pared by giving with each width of slit the exposure required to pro 
duce the same density as that from the standard slit. The ratio of 
the time of exposure for any given slit-aperture to that for the stand 
ard slit is taken as being inversely proportional to the photographic 
intensities in the two cases. Any slight error arising from such an 
assumption is irrelevant in this problem. 

The instruments used in the present work were the thirty-six 
inch refractor and the new Mills spectrograph, the most of whose 
constants are the same as for the former instrument, described by 
Professor Campbell. This spectrograph is provided with a bilateral 
slit, the pitch of whose screw is o.o1 inch. The milled head of the 
screw is divided to twenty parts, so that the slit-width corresponding 


to one division is 0.001 inch. The focal length of the collimator is 
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722.4 mm, and its aperture is 38mm. A special sliding plate-holder 
was designed and used which permits about twenty exposures to be 
made upon the same plate. The time of exposure was determined 
from a relay sounder operated by one of the standard clocks. 
Cramer “Crown”’ plates of the same emulsion were used in all of the 
experiments. 

To obtain a constant source of light the telescope was pointed to 
the region of sky go® north declination and hour-angle differing six 
hours from that of the Sun. The driving-clock was run in order to 
eliminate the effect of the variation in the plane of polarization of the 
sky light, with respect to the plane of the instrument, due to the 
change in the hour-angle of the Sun. This source was found to remain 
fairly constant on a cloudless day when the hour-angle of the Sun 
was not greater than one hour. 

A slit-width was selected as standard which would give a purity 
of spectrum comparable with that from apertures throughout the 
range over which the experiments extended. A standard width of 
0.002 inch (0.05 mm) was found to be satisfactory; whereas if a slit 
0.004 inch in width had been employed, it would have been difficult 
to compare the density given by this slit and one, say, of 0.0005 inch 
(0.013 mm) on account of the great difference in the purity of the 
two spectra. An exposure of 30 seconds with slit-width 0.002 inch 
gave an image of standard density. The relative intensity due to a 
different slit-width, say o.cor inch, was determined in the following 
manner. An exposure of 30 seconds with slit of 0.002 inch was first 
given; the plate was then moved at right angles to the length of the 
spectrum, and exposures of 63, 64, and 65 seconds, respectively, 
were given with a slit-width of 0.001 inch; then the standard exposure 
of 30 seconds with slit of 0.002 inch; next exposures of 66, 67, and 
68 seconds with slit of o.oor inch; and finally the standard exposure. 
In this way six exposures with the slit-width for which the intensity 
is desired, and three exposures with the standard slit, were obtained 
upon the same plate. From these the exposure for a slit of 0.001 
inch, required to give the same density as that for a slit of 0.002 inch 
and 30 seconds exposure, was selected. Five similar plates were 
taken for each slit-width. The resulting exposures to the nearest 
half second, relative to a slit of 0.002 inch and 30 seconds exposure 
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(for A 4500, the center of the plate in the Mills spectrograph). are 
given in the following table: 


Slit-Width in Units Time of Ex a —* 
of 0.001 Inch ashi posure in Seconds ean Exposur¢ 


4.0 13 13 13 I2 13 13 
3.5 IS IS 15 10 1S Pr .4 
3.0 1s 17 17 15 15 [7.5 
2.5 2 ? I > 
2.0 2 
1.5 35 35 34 34 34 34 
I.5 $3 $2 $3 $2 $3 $2.5 
I.4 45 40 $5 15 15 15 
1.3 50 5O 19 19 es 190.5 
-. 55 55 50 55 55 55 
I.o 60 606 6s 66 07 606 
0.9 77 78 77 77 76 77 
°o.8 8S SS SO 87 87 6.< 
0.7 104 IC IO! 105 102 102 
0.0 [32 133 130 133 135 134 
0.5 175 170 172 172 170 172 


These values are plotted in Curve A, in which slit-widths in 0.001 
inch are the abscissa, and exposure-times in seconds are ordinates. 
Curve B is drawn on the assumption that no light is lost by 
diffraction at a slit of 0.004 inch, and that the exposure-time 
varies inversely as the width of slit. Curve C represents the 
variation of photographic intensity with slit-aperture. It was 
obtained from A by assuming an arbitrary intensity (50) for a slit of 
0.002 inch and taking the inverse ratio of the exposure-times. The 
straight line D represents the intensities on the assumption that 
they are proportional to slit-width, and that no loss of light by diffrac 
tion occurs at a slit of 0.004 inch. The difference in the ordinates of 
D and C represents the amount of light lost by diffraction. The 
percentage loss by diffraction for slits of different apertures is shown 
in curve E, computed on the assumption of no loss at a slit of 0.004 
inch.’ 

It will be seen from Curve E that the loss by diffraction in the 
present experiments increases very rapidly when the slit-width is 
diminished below 0.oo1 inch and amounts to about 4o per cent. for 


tIn the present experiments the results for slit-widths from 0.003 to 0.004 inch 
cannot be determined so accurately as for smaller slit-widths. It is therefore difficult 


to determine at what slit-width the effect of diffraction begins to enter appreciably 
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a slit of 0.0005 inch. The effect of diminishing slit-width is to 
increase the diameter of the principal maximum of the diffraction 
pattern and to throw the secondary maximum rapidly away from the 
axis of collimation. If we assume that the light incident upon the 
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slit is parallel (as may be permissible for the very small central section 
‘ . , Aa ° 
of the beam), then from the formula x (where A is the wave 
A) 
length 0.45 #, a the focal length of the collimator 722.4 mm, s the 
width of slit, and x the distance from the center of the collimator to 
the first minimum of the diffraction pattern), we should find that for 























290 J. H. MOORE 


< 


a slit of about 0.0007 inch the principal maximum covers the whole 
diameter of the collimator lens, and any further decrease in slit- 
width will “hrow part of the principal maximum off the lens, causing 
a rapid increase in the loss by diffraction. 

In Curve E it will be observed that for a slit of about 0.0007 inch 
the loss by diffraction begins to increase very rapidly. ‘The question 
is so complicated, however, by the beams making a slight angle with 
the normal to the slit, that it is impossible to draw more than a very 
general inference concerning the shape of the curve. 

By reference to the curve given by Abbot! for 41.8 and slit- 
widths from o to 0.5 mm, it will be seen that the percentage loss by 
diffraction is relatively much greater than that obtained here for 
A=0.45 and slit-widths from o.ormm to o.1.mm. A little con 
sideration will show that the discrepancy (aside from the fact that the 
wave-length employed was four times that used here) is due to the 
difference in the angular apertures of the collimators employed in 
the two cases. The one used by Abbot has only about one-fifth the 
angular aperture of the collimator of the Mills spectrograph. It 
would therefore appear that when a slit of about o.3 mm was reached, 
the principal maximum covered his collimator mirror; and for smaller 
slit-widths the loss by diffraction increased very rapidly—correspond- 
ing to the region of the Curve E for Mills spectrograph slit-widths 
less than about 0.001 inch. 

With the Mills spectrograph, in line-of-sight work, a slit of linear 
aperture 0.0013 inch (0.033 mm) is found to give sufficient purity. 
Now, a collimator lens of twice the diameter and focal length of the 
present one (neglecting the increased absorption of such a lens) 
would theoretically enable us to utilize about 2.3 times as much 
light, as we should then be able to double the slit-width. This corre- 
sponds to an increase of nearly one magnitude. That is, while we 
are practically limited now, with the Mills spectrograph, to stars 
whose photographic magnitude is 5.5, we should then be able to add 
to the program stars of photographic magnitude 6.5. 

On the other hand, the corresponding effective diameter of the 
collimator lens would be about three inches. It is very doubtful 
whether it is advisable to use much larger prisms than are employed 


t Loc. cit., p. 80. 
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in the present instrument, for several reasons. To mention only 
one—such prisms by their greater absorption would reduce greatly 
the increase of light gained in the above manner. We might be 
able to substitute a reflection grating for the prisms. There are, 
however, several obstacles in the way of using a reflection grating in 
a moving instrument. It is necessary to mount the grating so that 
it cannot move and yet be uncramped. But the most serious. diff- 
culty is that any displacement of the grating produces a cor- 
responding shift in the lines of the spectrum. It would be very 
interesting to compare the loss of light from Rowland’s plane grat- 
ings with that lost by absorption and reflection in the prisms of the 
Mills spectrograph, but no data are at hand for such purposes. 

We may also use a telescope and collimator of great relative focal 
lengths, and thus a collimator lens of small linear aperture. With 
a Cassegrainian reflector it is possible, as is well known, to obtain a 
great equivalent focal length. But in this case we encounter the 
difficulty that for average seeing the star image would be larger for 
the instrument of greater focal length, and while we should gain 
some light, the gain would not be proportionate. 

The telescope and spectrograph of greatest efficiency will be those 
in which the best compromise is made between the various opposing 
factors; and this will depend, to a considerable extent, upon the 
class of work for which the instrument is intended. 


LicK OBSERVATORY, UNIVERSITY OF CALIFORNIA, 


September 5, 1904. 
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NOTE ON THE LOSS OF LIGHT IN THE 36-INCH LICK 
OBJECTIVE.* 
By J. H. Moore. 

SINCE there are no available experimental data for the loss of light 
by absorption and reflection at the objective of the thirty-six-inch 
refractor, the present investigation was undertaken with a view to 
supplying these; and, in particular, for the rays in the region A 4500. 

The visual objective consists of two lenses, a brief description of 
which, as furnished by Alvan Clark & Sons, is herewith included. 


['HICKNESS ‘ 
ws REFRACTIVE INDEX? At 
LENS RADII OF CURVATURE? 20°C., AND BAROMETER 
Center Edge 30 INCH} 

? R, »SQ.52 in 1.520216+2.2HB 
Crown 1734. > “ 2 I 6 1n >.60 In ‘ 
R, 259.52 in. 1.525677+2.2G 

. R. 2%90 SO in. ° . I.O041 24 I SHB 

Flint 1588. ° él 93 in 1.65 in +134 

R,=— 40000. in. 1.652674+1.0G 


It will be seen that the kind of glass here employed is quite similar 
to that of the Potsdam objective. We are, therefore, justified in 
using Professor Vogel’s’ values for the loss of light by absorption and 
reflection in lenses of different thickness. Assuming that we have a 
total thickness of glass of three inches (76mm), there would result 
from Vogel’s table that the loss caused by the thirty-six-inch objective 
for the visual rays should be about 27 per cent., and for the actinic 
rays 40 per cent. 

In spectrographic work a thin doubie-concave lens of 2.5 inches 
(64mm) aperture is placed one meter within the visual focus of the 
telescope, in order to remove chromatic aberration for the region 
4 4300-4600. The loss in this lens is estimated to be about 10 per 
cent. 

t Also to appear as a Bulletin of the Lick Observatory. 

2 Publications of the Lick Observatory, 3, 1, 149, 1804 


3 ASTROPHYSICAL JOURNAL, 5, 80, 1897. 
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The present determination of the loss for rays at A 4500 is for the 
combined objective and correcting lens. The method employed 
depends upon the following principle. It is easily shown that if 
the telescope and spectrograph (whose angular aperture is equal to 
that of the object-glass) is directed toward a surface of uniform 
illumination, the intensity of the light incident upon the collimator 
lens would be greater, were the objective and correcting lens removed, 
by an amount equal to the loss at the object-glass and correcting 
lens. 

The Mills spectrograph, mounted upon the large telescope, was 
pointed to the region of sky at zero hour-angle and 87° declination 
(S. P.) and a spectrogram taken with slit-width 0.005 inch (0.13 mm) 
and-exposure of 100 seconds. <A graduated series of exposures, with 
the same slit-width, of 45 to 56 seconds, was then given, with spec- 
troscope off the telescope and directed toward the same region of the 
sky. The length of exposure when the spectrograph is off the tele- 
scope (51 seconds from the mean of ten plates) which gives the same 
density of image as 100 seconds with it on the telescope, represents 
the percentage of light transmitted by the lenses. It is possible to 
detect a 2 per cent. variation of the intensity of the images compared, 
which is sufficient in the present experiments, as errors of this amount 
may easily enter, due to the variation in intensity of the sky light 
with changing hour-angle of the Sun. To eliminate this error as 
much as possible, the exposures were made in the following order: 
one on telescope; three off telescope; one on telescope; three off 
telescope; one on telescope. The collimation of the spectrograph 
mounted on the telescope was checked frequently during the course 
of the experiments and found to be good. When the spectrograph 
(off the telescope) was directed toward the sky, light from a surface 
of greater angular aperture than that of thé object-glass would also 
fall upon the collimator lens, due to diffraction at the slit. In the 
present experiments any error due to this effect would be very small, 
as a wide slit was used. It was also shown by another series of tests, 
in which a slit-width of 0.0006 inch (0.015 mm) was used, that the 
error introduced in this way by diffraction at the slit was within the 
errors of experiment. A series of nine plates with slit-width 0.0006 


inch gave the percentage of transmitted light as about 52 per cent., in 
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comparison with 51 per cent. obtained with a slit-width of 0.005 inch 
(0.127 mm). 

The loss by absorption and reflection in the thirty-six-inch objec 
tive and correcting lens, for rays of % 4500, is then 49 per cent. If we 
take the loss in the correcting lens as about 10 per cent., the value 
here obtained agrees very well with the value calculated above for 


the loss in the thirty-six-inch lens for photographic rays. 


LicK OBSERVATORY, 


September 9, 1904. 
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NOTE CONCERNING THE PUBLICATION OF THE CROSSLEY 
REFLECTOR PHOTOGRAPHS OF NEBULA AND STAR 
CLUSTERS.! 

THE late Director Keeler’s observing program for the Crossley Refle« 
tor included the photography of about one hundred of the principal nebule 
and star clusters. The portions of his program available for observation 
in our clear summer weather were practically complete at the time of his 
death; but those in position during the cloudy winter months, forming 
nearly a half of the whole, were incomplete. After the lamented death of 
Professor Keeler, Assistant Astronomer Perrine, in charge of the Crossley 
Reflector, made it his first duty to complete this observing program. This 
was accomplished in September 1903. The importance of prompt publi- 
cation of this invaluable series of photographs has been fully realized, but 
difficulties, both technical and financial, have existed. Plans have recently 
been completed whereby it is hoped to issue, within the coming half year, 
a volume of Lick Observatory Publications to contain high-class repro- 
ductions of seventy-two of the principal subjects, as well as a list of several 
hundred new nebulz incidentally recorded on the negatives. 

The purpose of this announcement is that suitable acknowledgment 
may be made concerning the generosity of the following friends of the Lick 
Observatory, University of California, who have provided funds to meet 
such portions of the expenses of reproducing the photographs as cannot 
be supplied from printing funds appropriated by the State of California. 


Mr. William Alvord. Mr. Robert Bruce. 

Mr. E. J. DeSabla. Mrs. Phoebe A. Hearst. 

Mr. John B. Jackson. Mr. E. J. Molera. 

Miss Matilda H. Smith. Mr. F. M. Smith. 

Miss Jennie Smith. Mrs. William Thaw. 

Mr. Benjamin Thaw. Mr. Robert J. Tobin. ad 


W. W. CAMPBELL. 
AUGUST 3, 1904. 
t From Lick Observatory Bulletin No. 59. 


205 








290 MINOR CONTRIBUTIONS AND NOTES 


RADIAL VELOCITY OF T VULPECULAE. 

TWO SPECTROGRAMS which I have recently obtained with the Bruce 
spectrograph show that this short period variable star (of the type of 
8 Cephei) also varies in its radial velocity—as was to be expected. The 
plates were both taken with the dispersion of a single prism. The number 
of lines available for measurement in faint stars like this, when of the 
solar type, compensates in some degree for the lower dispersion. The 
results are as follows: 


T Vulpeculae (a=20h 47m2; 6=+27° 53'; Mag.=5.5 to 6.5) 
Plate Date G. M. I No. Lines 


) 1904, July 19 20h st ) +15 km 
355 22 19 47 13 17 


The predicted phases of the star’s light-variation are: Minimum, July 
21° 4"; maximum, July 22° 13" G. M. T. Unfavorable weather has so far 


prevented further observations. 
EDWIN B. Frost. 


YERKES OBSERVATORY, 


Co tober 14, 1904 


A NEW ALGOL VARIABLE, 15-4905.’ 


In the course of an examination of plates in the region of Sagittarius, 
a star which usually appeared to be constant in brightness was noticed by 
Miss Leavitt to be half a magnitude fainter than usual on one of the plates. 
Additional plates were examined, and the star was found to be a variable 
of the Algol type. Over three hundred plates were available for the study 
of the new object, on twenty-eight of which it is fainter than the normal 
brightness, magnitude 9.55. In three cases it appears faint on two plates 
taken during the same night, so that twenty-five different minima have 
been observed. The observations indicate that the times of minimum 
may be represented by the formula J. D. 2,410,002.677+ 3.45348 E. An 
interesting feature in the variation is found in the fact that a secondary 
minimum occurs midway between the primary minima represented by 
the formula. 

The observations when the variable was faint are given in Table I, in 
which seven plates, taken during the secondary minimum which occurred 
on the night of September 28, are included. The first three columns give 


Harvard College Observatory Circular No. 88. 
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the year, month, and day on which the plate was taken, the Greenwich 
Mean Time of the center of the exposure, and the Julian Day and fraction 
following Greenwich Mean Noon. The fourth column contains the observed 
magnitude, and the fifth the number of the epoch. The sixth column 
gives the residual found by subtracting the computed time of minimum 
from the observed time, secondary minima béing inclosed in parentheses. 
The last column gives the residual expressed in magnitudes from the 
assumed light-curve. 

The majority of the observations satisfy the adopted formula very well, 
especially when it is considered that on a large proportion of the plates the 


variable is near the edge, so that the observations are somewhat uncertain. 


TABLE I. 


Observations Near Minimum. 


Date G. M. T J.D Mag Epoch Phase Resid 
y m d h m 

i559 7 O 15 26 1190.04 3 10.37 344 0.031 te) 
1890 5 2 14 13 1582.592 9.85 157 (— 0.052) +¢ 
1893 5 1 20 54 2585.571 10.31 745 0.0009 D.2 
1893 5 I 21 8 2585.881 10.51 748 + 0.001 9.04 
1805 5 20 IQ 50 3343-526 9.97 907 ( 0.002) +0.17 
18960 7 I 10 19 3742.080 10.11 1053 0.1160 +O.1 
1890 10 13 I2 21 3846.515 9.31 1112 + O.115 15 
1897 6 TI IQ 43 4077.522 10.58 1180 + 0.039 + 0.02 
15Q7 Ss 30 2 @ 4107 520 < 10.2 1200 Oo o4s 
1898 10 8 12 35 $571.524 9.99 1323 0.107 0.07 
1899 610 IS 43 4510.750 10.45 1304 0.048 +0.07 
1899 7 25 I5 10 450601.632 10.26 1407 0.091 + 0.05 
1899 Q 27 rs 2% 4925.522 9-79 1425 0.091) 0.0 
I9g00 5 II 1g 50 5151.53! 10.63 1491 +0.015 + 0.05 
1900 5 18 20 12 5158.542 0.92 1493 +O.119 0.04 
IQOI 6 21 14 49 5557-017 9.75 1005 (+0.017) 9.05 
IQOI 6 20 14 49 5 562.739 10.11 1010 0.041 0.3 
IQOI 7; = 15 10 5553.632 10.190 10160 + 0.131 + 0.41 
1902 5 If 17 29 5885.730 9.72 1703 (+0.05¢ 0.c 
1902 5 20 IQ 45 5890.823 11.12 1705 .037 + 0.70 
1902 5§ 27 10 45 5597-095 10.09 1707 0.009 0.15 
1902 § 27 Ig 27 5597.510 10.39 1707 + 0.043 —O.15 
1902 7 Il 10 SI 5942.702 10.41 1720 + 0.039 0.15 
1902 8 25 I2 37 5987.520 10.40 1733 0.032 0.05 
1903 7 12 IS 25 63058.642 10.17 1826 0.030 t 0.0 
1903 7 12 10 33 6308.690 10.17 1520 0.041 0.24 
1904 O11! 1S 40 6643.77 10.77 1923 + 0.059 + 0.27 
19004 618 10 59 6650.708 10.20 1925 + 0.082 >.00 
1904 9g 28 I2 20 6752.514 9.09 1954 (+0.010) 0.15 
1904 Q 28 rs 39 6752.522 9-73 1954 (+0.019) I 
1904 9g 28 12 45 6752.53! 9.68 1954 (+0.027) 13 
1904 9 28 12 56 0752-539 9.71 1954 ( +0.035) 0.08 
1904 9g 28 13 8 0752-547 9.72 1954 (+0.043) 0.05 
1904 Qg 28 1% 21 0752.550 9.81 1954 (+0.052) +0.04 
1904 Q 25 12 34 6752.505 9-73 1954 (+0.061) + 0.0 
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On J. D. 5224.578, corresponding to the phase +0.240, the observed 
magnitude was 9.85. Although the variable is near the edge of the plate, 
the image is good, and appears to be actually faint. This observation, 
if correct, suggests a longer duration of the eclipse than is indicated by the 
other observations. The image on the plate taken on J. D. 5890.823 
appears to be defective, but the variable is certainly faint. 

The comparison stars employed are given in Table II. The successive 
columns give the designation, the catalogue number, the uncorrected 
rectangular co-ordinates, expressed in seconds of arc and referred to the 


variable as an origin, and the adopted photographic magnitude. 


TABLE II. 


Comparison Stars. 


Des. B. D x y Mag 
a 15-49 SS z55-d 730 0 
b 15.4900 Q $95 Q-42 
i 15.4901 405 + 706.2 9.67 
d 15-4903 252 $72.8 9.89 
€ + O72 032.8 I 19 
I 15.4914 +125! 303.0 10.77 
g 200 192.8 1] 


Although the time in which the variable can be observed during the 
present year is short, it is hoped that sufficient observations may be secured 
to indicate what corrections should be applied to the above formula. An 
ephemeris is therefore given in Table III. The two columns contain the 
dates and the times following Greenwich Mean Noon of the primary and 
secondary minima, respectively. After December 10 the variable will be 


too near the Sun for observation. 


TABLE III. 


Ephemeris for Minima. 


Prim. Min Second. Min Prim. Min Second. Min 
1904 1QO4 1904 1QO04 
d h m d | m d ht d h on 
cc 22 7 3 Nov > 56 Nov. 21 15 Nov. 22 18 14 
Nov. 3 18 21 Nov s 11 48 Nov. 24 II 4 Nov. 26 5 7 
Nov. 7 5 16 Nov. 8 22 4! Nov. 27 22 34 Nov. 290 16 
Nov. o10 7 Nov. 12 9 34 Dec. I gQ 20 Dec 3 e §s 


I 
Nov. 14 3 2 Nov. 15 20 27 De 4 20 19 Dec 6 13 46 
Nov. 17 13 54 Nov. 19 7 2 De B 7 12 Dec. 1 20) 
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This variable star is of interest since its light-curve is intermediate 
between that of Y Cygni and Z Herculis. The secondary minimum of 
the first of these stars is nearly as marked as the primary minimum. The 
secondary minimum of Z Herculis is barely perceptible, and does not 
differ from full brightness by much more than a tenth of a magnitude. 
This difference in the case of —15- 4905 is about three-tenths of a magnitude. 

EDWARD C. PICKERING. 


(OCTOBER 7 


‘> 


TQO4. 
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